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transition--Divarsion scheme-Anderson Ranch Dam-Boise Project, 
Idaho. 

PURPa3E OF STUDY 

To develop a tunnel-to-penstock t rans i t ion  which w i l l  h a m  
sa t i s fac tory  pressure characteristics when .flowing full ( n o d  condition) 
o r  partie- full (diversion condition during cons truckion). 

CONCULSIONS 

1 ,  A permanent t ransi t ion having sat isfactory pressure character- 
i s t i c s  with Che t rans i t ion  flowing both full and par t i a l ly  full is  shown 
i n  Figure 7, 

a, The equation of the  30-foot t rans i t ion  prof i le  i s  
Y = 0.~6667X - 0.00278X2; 

b. Representative pressures in the  t rans i t ion  area are 
shown in Figures 9 and 5C. When the  t rans i t ion  i s  f lowing partially 
f u l l  and the water has a velocfty,of 80 f e e t  per second, the lowest 
pressure as indicated by the  model i s  8 f e e t  of water below atmos- 
pheric pressure . 

2 ,  The original  t ransi t ion d e s i ~  is unsatisfactory f o r  diversion 
purposes because vapor preaaure ocaurs an the f loor  and walls of the 
t rans i t ion  then it is flowing part ia l ly  full ( ~ i g u r e  5 ~ ) .  

b 3. When water flows at  high velocity through a t ransi t ion section 
from a larger  t o  a smaller pipe, the reduction in pipe diameter m u s t  be 
more gradual when %he t rans i t ion  is t o  flow partially fu3l  than when the 
tr;ulai%ion is t o  always flow flzll; otherwise cavitation f l t t i n g  may be 
sneountered. 



1, Incorporate the t ransi t ion shown in Figure 7 i n  the Anderson 
Ranch Tunnel far  both the  construction dlversian scheme and the f i n a l  
structure . 

. INTRODUCTION 

Anderson Ranch D a m  is located on t h e  South Fork of the Boise 
River about 45 miles southeast of Boise, Idaho ( ~ i g u r e  1). The out le t  
works consist of a trashrack, i n l e t  structure, bulkhead gate, a 20-foot- 
diameter concrete-lined diversion tunnel, a 15-foot d i w t e r  plate-steel 
penstock, and five 72-inch Ilollow-jet valves. The penstock extends from 
a concrete tunnel plu within the  dam t o  t h e  powerhouse and out le t  struc- 
t u r e  (Figures 2 and 3 f . During construction of the dam, the out le t  tun- 
n e l  w i l l  be used for  diversion of the  r iver  water through atemporary 
channel extending from the out let  portal of the tunnel t o  the river 
channel. A t  low river stages, during construction, the tunnel WXU flow 
only partially f u l l ,  However, during this period the releases w i l l  be 
regulated by the coaster gate a t  the tunnel entrance and the velocity 
w i l l  b e  in excess of 80 feet per second, so subatmospheric pressures are 
expected in the t ransi t ion area. !The study reported herein was made t o  
v e r i a  the  presence of subatmospheric pressures and t o  derive a method of 
eliminating them or reducing them t o  noncri t ical  vdlues, 

Liaison was maintained between t h e  Hydraulic Laboratory and the  
Outl.et Works Section of the Dams Division durring the model testing. 

'ME INVESTIGATION 

The principal objective of the study was t o  investigate t h e  
i pressure distribution in the transM.an area when if, flowed partially 

f u l l ;  t ha t  is, with a free water surface. This condition exists when 
water i n  the 20-afoot tunnel is flowing 5 f e e t  deep a t  a velocity of 80 
f e e t  per second ~Pnaximum expected diversion discharge). 

The Model 

The development of a sat isfactory t rans i t ion  was accdplished 
by u a h g  a 1240 scale model. In the flow direction, the  model consisted 
of a 20-foot run of 6-inch standard pipe representing the 20-foot-diameter 
tunnel, an interchangeable short section of &inch transparent p las t ic  
pipe fo r  closed-conddt and open-channel flow studies, a t ransi t ion sec- 
' t ion,  and a short section of 4-1/2-inch p las t ic  pipe t o  represent the 
15-foot-diameter penatoak, Water was supplied t o  the model by a centri- 
fugal  pump, and the flow was measured by a 4-inch venturi  meter. Pressures 
on the w d l  surface of the t ransi t ion t e s t  sections were measured with 
piezometers (Figure 4). The depth of water f o r  open-channel flaw was con- 
t ro l l ed  by. an orifice, shapsd like a segment of a circle,  which was placed 



bottom of the tunnel. A 6-inch long m e t e 3  l ip ,  normal. 4x3 the plate and 
flush with  the hordzontal chord of the orifice,  was extended upstream t o  . suppress the top of %he opening and form a high-velocity straam representl- 
ing the prototype open-chamiel flaw eonditions, The average velocity fop 
the pa r t i a l ly  f U e d  transi%ion was obtained by dividing the quantity of 
water f iwing  through the orifice: by the  orifiss area. FOP closed cond3t  

w 
f l o w  with the o r n i c e  plate  removed, the average velocity w8s obtained by 
dividing the quantity of water passing through the system by the area of 
the 20-foot-diameter tunnel. Pi,ezc;mster head m e a s w a m t s  a d  v5sudl ob- 
se~vations were  used t o  determhe what modifications were t o  be made to 
tho original  design. 

The o d g b a l  design was a SI0-foot long tiransition having an el- 
liptical profi le  of y2 = 6.25 - 0.625~2 (Figure @). The modei section 
was constructed of sheet metal and the t ransi t ion formed of beeswax. This 
shape (~ igure  5 ~ )  was tested with closed+onduit f l o w  and found tto be sat+- 
isfae+,ory. When tested with open-chmsl f b w ,  the t ransi t ion was f m d  
t o  be too abrupt with a tendency for  separation of flow from the  w a l l s  and 
f loor  j-5 dawnstream from t i e  converging section (Figures 5A a d  6 k ) .  
This resulted in vapor pessure  at 9-foot-per-second velocity and within 
a foot of vapor pressure iit 7j-foot-pr=second velocity (~igure 5A). The. 
presence of these severe subatmospheric pressures made it nscessasg t o  
m a f y  the  transition. 

Conical Transitions 

Since the or ig ina l  transition was only 10 feet i n  length, 5% 
was st ipulated tha t  all maaficatians ~houlc l  be M t e d  t o  this length aap 
lsss. It was be2leved tha t  sbo~t a 5-Po05 temporinmy c d c a l  t r a n s i t i m  
coulci be csgd to h c r e a s e  the pressure dur?ing diversion, and aftel. comple- 
tion of the dam, the o o n i c d  t ransi t ion c o d d  be removed and the  permanent 
Curansitior, kstailod, The f ira' t  eonica i  section tested had a 20-foot- 
diameter  Inlet tapering h 15-foot-dianete? out le t  5.n an ~ver-d l l  Xsngth 
of 5 fa&. %is increase 94 the presswe sXgh31y. The conical section 

I lengths we=. increased u n t i l  the allgf%ed lC.-foot lengkh was uti l ized,  
T k i s  length  gave fdr rasult.~, but usbg  a 30-Toot temporary transitior,  
was found t.;> be bpraet ical  economicdly. The cost of collstruction, in- 
stallatLon, and lyemov~z of the aonicsl seetior,, plus the installatiar, cost 
of the f inal  t,xansi$ion would c a s t  mozw $haxi t he  ins ta l la t ian  of a longer 

b 

permanent ~;ransitfon section. 

A transparent plast ic  t ransi t ion,  hawing a parabolic pnifile of 
Y - O,JdO!jX - 0.0025EX2 and 31 feet long prototype (Figure @), was tested 
fo r  cbsed-conduit r 2 m r  (figure 5 ~ )  and for open-channel. flow (~igums 9 
and 6 ~ ) .  Undesirable subatmospheric pr esswree oocun-ed at 100-f oot-pep.. 
second v e l ~ c i t y  with op=-channel flcrw, but at the normal velocity of $0 
fee t  per second presswes were high enat;& to preclude s a v l t . a t i ~ n  conditions, 















Figure 6 
Hydraulfc Repc 

A.  Elliptical Transition-open flow from right to left, 
velocity of 75 0s. 

E. Pssabolic Transition-open flow Arom right to left, 
velocity of 80 fps. 
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